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An Inhaler Device 

This invention relates to inhalers and particularly to 

5 powder inhalers. 

It has long been recognised that the step of powder 
entrapment into the air flow through an inhaler can affect 
the efficiency with which an active substance contained in the 
powder is delivered to a person's lungs on inhalation. 
10 Ideally, upon actuation of the inhaler, all the dose of powder 
is entrained to form a stable cloud of fine particles which is 
then inhaled leaving as little as possible of the powder dose 
remaining in the inhaler. This is especially important where 
the drug is expensive, for example, a protein drug. 
15 In order that drug particles can be delivered to a 

person's lungs, and especially to the deep lung, it is 
important that the size of the particles is small, for 
example, less than 10/im in diameter. Powders consisting of 
such small particles tend to be cohesive and to have poor flow 
20 properties and therefore tend to be difficult to disperse into 
an aerosol cloud. In an attempt to improve the situation, some 
known powders include relatively large particles known as 
carrier particles which carry fine drug particles upon their 
surfaces. Other known powders include aggregates of the fine 
25 drug particles. For efficient delivery to the lung it is 

desirable that, during the process of inhalation, aggregates 
of drug particles are broken up and/or small drug particles 
are separated from larger carrier particles before they are 
delivered into the person's respiratory tract. 
30 In an attempt to promote those processes, certain known 

inhalers include an impact member or impactor against which 
the flow of the dispersion is directed so that at least some 
of the powder particles strike the impact member. However, 
there remains a need for inhaler devices which provide more 



ENSDOCID. <WO.. .. .....02056948 A 1, 1 > 



10 



15 



j WO (12/(156948 

| PCT/GB02/IMII98 



efficient deaggregation of the powder. 

It has also long been recognised that significant losses 
of active material can occur through deposition onto or 
collision with, the inner surfaces of the mouth or through 
deposition onto the internal surfaces of the inhaler before 
the dispersion leaves the device. 

The present invention provides a powder inhaler 
comprising dispensing means for making a dose of a powder 
available for dispersal, means for generating a jet of gas 
which, in use, impinges upon or flows across the powder 
thereby forming a dispersion of the powder in the gas an 
impact member located downstream of the means for generating a 
let of gas and a mouthpiece located downstream of the impact 
member . 

The mouthpiece preferably communicates with the means for 
generating a jet of gas so that, when the jet of gas is 
generated and a dispersion is formed, it can flow through the 
inhaler to the mouthpiece. 

The use of a jet of gas generated by the inhaler makes 
possible the efficient generation of a powder/gas dispersion 
traveling at higher velocities than are generally obtainable 
with conventional inhaler devices which are driven by the 
users' inhalation. The acceleration of the powder particles to 
those higher velocities is believed to promote 
deagglomeration. The combination of the high velocity of the 
dispersion with an impaction member upon which the dispersion 
impinges is believed to give particularly effective 
deagglomeration of agglomerated particles and/or separation of 
active particles from carrier particles. 

The term "dispersal" as used herein refers to the process 
of suspending at least some of the powder in the jet of gas 

The terms "deagglomeration" and Meaggregation" are used 
interchangeably herein and refer to the process of separating 
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agglomerates (aggregates) into individual primary particles. 
The separation of agglomerates of drug particles into primary 
particles or the separation of drug particles from carrier 
particles are both deagglomeration (or Meaggregation" ) 
5 processes as defined herein. Some deagglomeration may occur 
during dispersal of the powder and in subsequent movement of 
the dispersion through the inhaler. As mentioned below, the 
impact member promotes deagglomeration. 

The term "dispersal device" as used herein refers to the 

10 part of the inhaler which comprises the means for generating a 
jet of gas and any chambers, passages or other elements which 
define the zone in which the jet of gas impinges upon or flows 
across the powder. 

The term "inhaler" as used herein should be understood to 

15 refer to any device which is suitable for the administration 
to the lungs of a medicinal formulation in the form of a dry 
powder . 

Preferably, the inhaler will be portable. 

The term "jet of gas" as used herein refers to any 

20 current of gas having sufficient force to entrain at least 
some of the powder. Preferably, the jet of gas has a 
predetermined direction. The term "gas" is to be understood 
as including propellant vapours, and gases such as dinitrogen 
monoxide or carbon dioxide, and mixtures of gases such as air. 

25 For example, the gas may comprise nitrogen, dinitrogen 

monoxide, nitrous oxide, carbon monoxide or carbon dioxide. 
Carbon dioxide is an especially preferred gas. Air is also a 
preferred gas. 

In use of the inhaler, the dispensing means makes a dose 
30 of powder available for dispersal, for example, by rupturing a 
capsule containing a pre-metered dose of powder. The jet of 
gas then impinges upon the powder (or flows across the top of 
the powder thereby raising and entraining the powder) thereby 
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dispersing at least some of, preferably substantially all of, 
the powder to form a gas stream having entrained within it 
dispersed particles in varying degrees of agglomeration. That 
gas stream is referred to herein as a dispersion or a 
gas/powder dispersion. The dispersion may be formed very 
quickly if the jet of gas entrains the whole dose at once. 
Preferably, the arrangement is such that the jet of gas 
continues and hence the dispersion is formed over a period of 
time which is advantageously less than the period over which 
the user inhales and is, for example, from 0.1 seconds to 5 
seconds long or, more preferably, from 0.1 seconds to 3 
seconds long. Most preferably, the formation of the 
dispersion commences at least 0.1 seconds after the user has 
started to inhale through the inhaler and ends not later than 
1.5 seconds after the user has started to inhale through the 
inhaler. Preferably, the dispersion forms a ^ bolus' in the 
inhaled air. 

The terms "upstream" and "downstream" as used herein 
refer to the direction of flow of the dispersion, in use, 
20 through the inhaler. 

As mentioned above, the use of a jet of gas to disperse 
the powder makes possible higher gas velocities than can be 
achieved using only the air flow generated by the user's 
inhalation, thereby giving more effective dispersal and 
deagglomeration of the powder particles and making available 
for inhalation a greater proportion of the dose of the powder. 
Furthermore, because the jet of gas is generated by a means 
within the inhaler rather than by the inhalation of the user, 
the characteristics such as the size and velocity of the jet' 
are independent of the force of the user's inhalation thereby , 
reducing variation between uses of the inhaler in the amount 
of active substance delivered. 
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The dispensing means for dispensing a dose of powder may- 
be any means suitable for making available a dose of powder 
for dispersal. Preferably the means for dispensing a dose of 
powder is arranged to dispense pre-metered doses of powder, 
5 for example, the powder may be contained in blister packs, the 
blisters being opened either directly in the flow path of the 
jet of gas or outside the flow path of the jet of gas with the 
powder dose then being transported into the flow path of the 
jet of gas. Alternatively, the inhaler may comprise a 

10 reservoir for holding the powder and the dispensing means may 
comprise metering means for metering individual doses of 
powder from the reservoir. 

The jet of gas may be generated by any suitable means. 
Preferably, the inhaler comprises an orifice, through which, 

15 in use, the gas flows under pressure to form the jet (where 
the inhaler comprises means for generating more than one jet 
of gas, the inhaler preferably comprises a corresponding 
number of orifices, through each of which a jet of gas flows) . 
The gas under pressure may be provided by any suitable means, 

20 for example, by evaporation of a liquid propellant or from a 
reservoir of compressed gas such as carbon dioxide, nitrogen 
or air. Preferably, the gas is under a pressure of at least 
0.5 bar over atmospheric pressure. 

When the jet of gas is formed by expansion of a 

25 compressed gas (as opposed to evaporation of a liquid 
propellant) the means for generating the jet of gas may 
comprise a chamber which is supplied with the gas from a 
reservoir and is kept at constant pressure. The jet of gas 
is, in that case, formed by allowing gas from the chamber to 

30 escape through an orifice. The fact that the chamber is 

maintained at constant pressure means that the force of the 
jet of gas will not substantially vary as the amount of gas 
(and therefore the pressure) in the reservoir decreases due to 
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repeated use of the inhaler until the pressure in the 
reservoir drops to a level below that at which the chamber was 
maintained. 

In use of conventional pressurised metered dose inhalers 
5 (pMDI's) a suspension of drug particles in a liquid propellant 
leaves a reservoir via a metering valve and passes into an 
expansion chamber where it evaporates rapidly to generate an 
aerosol of the drug particles. In the present invention, 
liquid propellant (without suspended drug particles) may also 
10 be metered into an expansion chamber for evaporation. 

Thus, the means for generating a jet of gas may comprise 
a pressurised reservoir of liquid propellant and an exit valve 
through which the propellant may leave the reservoir. In use, 
the propellant evaporates to form the jet of gas. For 
15 example, the inhaler may comprise a reservoir of propellant 
having an exit valve leading to an expansion/ evaporation 
chamber which is provided with an orifice. In use, the valve 
opens allowing liquid propellant into the 
evaporation/expansion chamber whereupon the propellant 
evaporates to form a gas under high pressure for example, a 
pressure of at least 1.5 bar, preferably 2 bar, more 
preferably 4 bar. The flow of the gas and any residual 
evaporating liquid from the orifice generates the jet of gas. 
Preferably, the expansion/ evaporation system provides 
efficient heat transfer to the propellant thereby ensuring 
substantially full evaporation of the propellant. The 
expansion/evaporation system preferably includes metal which 
allows for efficient heat transfer to the propellant. 

Preferably, however, the exit valve communicates with the 
headspace above the liquid propellant in the reservoir such 
that, upon actuation of the inhaler, vapour, rather than 
liquid propellant, passes through the exit valve. That 
arrangement does not, in principle, require an expansion 
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chamber having such a high heat transfer capability because 
the propellant is already in the vapour phase. The arrangement 
may be such that the gas is not metered by volume, the exit 
valve being open for a period determined by the inhalation 
5 manoeuvre of the user. 

Advantageously, the propellant is a propellant known for 
use with pressurised metered dose inhalers (pMDIs) . The 
propellant may be a single substance or mixture of volatile 
substances. The propellant preferably does not have 

10 significant amounts of non-volatile substances such as 

excipients and/or active substances dissolved or suspended in 
it. However, it may in some cases be desirable to include 
particular excipients, for example signaling agents such as 
menthol, in the propellant. Preferably, the propellant is 

15 selected from the group consisting of chlorof luorocarbons 
(CFCs) , hydrof luorocarbons (HCFs) , hydrocarbons (HCs) and 
hydrof luoroalkanes (HFAs) . Advantageously, the propellant is 
a HFA, for example HFA134a or HFA227. Preferably the 
propellant comprises one or more substances having a vapour 

20 pressure at 20°C of greater than 1.5 bar, more advantageously 
greater than 2 bar and especially advantageously greater than 
4 bar. Preferably the propellant is such that evaporation of 
the propellant can generate pressures in excess of 2 bar, more 
preferably in excess of 4 bar, 

25 Additional gases such as carbon -dioxide or dinitrogen 

oxide (N 2 0) may be dissolved in the propellant in order to 
increase the pressure available to above 4 bar, preferably 
above 6 bar, more preferably above 10 bar. 

Propellants having vapours of relatively high density 

30 such as CFCs and HFA's are advantageous because their higher 
density reduces the rate at which aerosol particles suspended 
in the vapour will settle out by gravitation, that is, the 
particles have greater buoyancy in the vapour, than they would 



SK'SDOCID: -=WO...._ 0205694SA1 J 



WO (.2/056948 PCT/GB02/0.H98 



- 8 - 

in air. Such vapours of relatively high density (that is, more 
dense than air) would also be expected to give enhanced 
turbulence thereby promoting deagglomeration. 

It is also thought that the cooling caused by the 
5 expansion and/or boiling of the propellant has the beneficial 
effect of reducing the temperature of the dispersion to a 
lower temperature than the walls of the inhaler device thereby 
reducing thermophoretic deposition of the powder particles. 
The means for generating a jet of gas may comprise a 
10 mechanical pump, for example, a spring loaded piston co- 
operating with a cylinder. Alternatively, the pump may 
comprise an impeller driven by an electrical motor. 

It has been found that a human inspiration can provide a 
pressure drop of up to about lOKPa. However, persons having 
some degree of disease of the lung and the young or old are 
likely to be able to generate a pressure drop of around only 4 
KPa. In contrast, the means for generating a jet of gas will 
often employ a greater pressure drop, for example, evaporation 
of a propellant can provide a pressure of over 100 KPa, (for 
example between 200 and 500 KPa) and so the flow velocities in 
the inhaler of the invention can be high as compared to flow 
velocities in conventional dry powder inhalers . At such higher 
flow velocities, undesirable deposition of the powder in the 
inhaler is reduced. 
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It will be appreciated that when a gas flows through an 
orifice from a region of high pressure to a region of low 
pressure, the velocity at which the gas flows through the 
orifice generally increases if the pressure difference between 
the two regions increased. However, at gas velocities close 
to the speed of sound the velocity no longer increases with 
increasing pressure difference and that condition may be 
referred to as choked flow. Preferably, in use of the 
inhaler, choked flow conditions occur in the vicinity of, or 
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downstream of, the zone where the jet of gas impinges on or 
flows across the powder. The use of choked flow conditions 
has been found to give more efficient dispersal and 
deaggloineration of particles. 
5 Advantageously, choked flow conditions occur, in use, in 

the region of an orifice from which the jet of gas issues. 
Alternatively, the inhaler comprises, downstream of the zone 
where the jet of gas impinges on or flows across the powder, a 
constriction which is so arranged that choked flow conditions 

10 occur as, in use, the dispersion of the powder in the gas 

flows through it. For example, where the zone where the jet 
of gas impinges on or flows across the powder communicates 
with the mouthpiece directly via a passage, the passage may 
have a portion where the walls close together to form a 

15 constriction, or the passage may be partially closed by a 
barrier. 

The inhaler may comprise a constriction such as a Venturi 
throat through which, in use, the dispersion flows or within 
the vicinity of which the dispersal of the powder in the jet 

20 of gas takes place. 

Preferably the arrangement is such that the dispersion is 
generated as inhalation is taking place, that is, the 
arrangement is preferably such that, in use of the inhaler, 
the dispersion is formed during the period in which the user 

25 of the inhaler inhales from the inhaler. That arrangement 

allows the total internal volume of the parts of the inhaler 
through which, in use of the inhaler, the dispersion flows 
(that is the volume of the passages and chambers between the 
zone where the jet of gas impinges on or flows across the 

30 powder and the mouthpiece) to be small, for example less than 
100cm 3 , preferably less than 80cm 3 , advantageously less than 
50cm 3 , more preferably less than 25cm 3 and most preferably less 
than 15cm 3 . Preferably, the arrangement is such that the 
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volume of dispersion within the inhaler at one time does not, 
in use, exceed 80cm 3 , preferably less than 50cm 3 , more 
preferably less than 25cm 3 and most preferably less than 15cm 3 . 
Preferably, the inhaler has an internal volume of less than 
100cm 3 . The zone in which the jet of gas impinges on or flows 
across the powder may communicate with the mouthpiece by means 
of a passage. Preferably the internal surface of the passage 
is smooth and devoid of dead space. The term Mead space" 
refers to any space or region, for example, regions in the 
vicinity of angled edges and corners, which is not swept out 
by gas or air flow when the inhaler is used and in which 
particles may therefore collect. Advantageously, the inhaler 
has no "holding volume" in which the dispersion is stationary 
or almost stationary because under conditions of low flow of 
the dispersion through the inhaler, particles are liable to be 
deposited or the internal surfaces of the inhaler. 
Preferably, in use of the inhaler, less than 10% of the dose 
of the active agent is deposited inside the inhaler. 

The inhaler comprises, downstream of the zone in which 
the jet of gas impinges on or flows across the powder, an 
impact member which is situated in the flow path of the 
dispersion so that the particles are liable to collide with 
it, thereby promoting deagglomeration. The impact member may 
also reduce the velocity (that is, the net velocity of the 
flow as a whole through a plane perpendicular to the overall 
direction of flow) of the flow of the dispersion. That can be 
beneficial as, at high flow velocities, impact of the 
particles with the back of the user's mouth may cause a 
significant amount of deposition before the particles reach 
30 the lung. 

The size and location of the impact member is preferably 
such that, if the impact member were not there, at least 50%, 
more preferably at least 80% and advantageously essentially 
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all of the particles would pass through the space to be 
occupied by the impact member. The presence of the impact 
member will distort the flow of the dispersion around it. As 
the gas of the dispersion changes direction in order to flow 
5 around the impact member, aerodynamical ly small particles will 
be carried with it and so may not collide with the impact 
member. Larger particles and aggregates of particles having a 
correspondingly larger momentum will not be as subject to the 
influences of the gas flow and are therefore more likely to 

10 collide with the impact member. In this way, the impact member 
may act as a size selector for the particles. 

Advantageously, the arrangement, (including the size, 
shape and location of the impact member as well as the 
velocity and shape of the plume of dispersion) is such that at 

15 least 50% of particles having an aerodynamic diameter greater 
than 10/im collide with the impact member. 

Embodiments of the invention having an impact member are 
particularly suitable for use with formulations comprising 
carrier particles which are relatively large. 

20 Preferably, the inhaler comprises only one impact member. 

The impact member may, together with the internal walls 
of the inhaler, provide a constriction which promotes 
turbulent flow of the dispersion. The walls of the passage or 
chamber in which the impact member is located should, however, 

25 be so spaced from the impact member that there is adequate 
room for the dispersion to flow around the impact member 
without the flow being restricted to an undesirable degree. 

The impact member may present a surface which is 
substantially perpendicular to the direction of travel of the 

3 0 dispersion immediately upstream of the impact member. The 
impact member is advantageously substantially rotationally 
symmetrical about an axis in that direction of flow of the 
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dispersion. The impact member may consist of or be coated with 
an anti- adherent material such as Teflon. 

The impact member may be held in position by any suitable 
support members. The support members will advantageously be 
5 shaped so as to minimise deposition of powder particles on 
their surfaces. 

Advantageously, downstream of the area in which the jet 
of gas impinges on or flows across the powder and upstream of 
the impact member, the device comprises a constriction through 
10 which the dispersion flows prior to impinging upon the impact 
member. The constriction may be the outlet from a cyclonic 
chamber (see below) and may be arranged in an axial or 
tangential fashion relative to the cyclonic chamber. The 
constriction may take the form of a mouth or nozzle shaped so 
15 as to direct the flow of the dispersion at the impact member. 
Advantageously, the constriction takes the form of a tube of 
reduced internal diameter through which the dispersion flows. 
The internal diameter of that tube may be in the range of from 
0.1mm to 4mm. The tube may be up to 5cm long and is preferably 
longer than 1mm. The outlet of the tube is arranged directly 
upstream of the impact member with the impact member being in 
line with the tube such that, in use, the dispersion exits the 
tube and impinges upon the impact member. The distance between 
the outlet of the tube and the impact member is preferably 
25 less than 10mm, more preferably less than 5mm and especially 
preferably less than 2mm. The flow rate of the dispersion 
within the tube of reduced diameter is relatively fast because 
of the reduced cross-sectional area of that tube, thereby 
causing the dispersion to impinge upon the impact member with 
3 0 greater force which promotes the deagglomeration of the powder 
particles . 
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The inhaler may comprise means for generating two or more 
jets of gas for dispersing the powder and where the term "jet 
of gas" is used herein it should be understood to encompass 
arrangements wherein there is more than one jet of gas. The 
5 use of more than one jet of gas can generate higher levels of 
turbulence and collisions between particles than are 
attainable with a single jet and can therefore lead to 
improved deagglomeration of the particles. 

Preferably the inhaler also comprises at least one air 

10 inlet which communicates with the zone where the jet of gas 
impinges upon or flows across the powder and with the 
mouthpiece, the arrangement being such that, in use, the 
dispersion of the powder in the gas and air from the 
atmosphere are combined and are inhaled simultaneously by the 

15 user. This arrangement has the advantage that the volume of 
gas (and therefore the volume of the dispersion produced by 
the jet of gas) need only be small in relation to the lung 
capacity of the user, the balance being made up by air sucked 
though the air inlet which dilutes the gas/powder dispersion, 

20 and therefore the size and weight of the inhaler may be 
reduced compared to the case where the inhaler has no air 
inlet and the gas produced by the means for generating a "jet 
of gas is the only gas inhaled by the user. Advantageously, 
the arrangement is such that the volume of the dispersion 

25 produced, in use, by the jet of gas is small compared to the 
volume of air sucked through the air inlet for example, less 
than 50% and preferably less than 30% of the volume of air 
sucked through the air inlet. This reduces the chance of the 
dispersion "blowing back" through the air inlet and being lost 

30 to the atmosphere. The dilution of the dispersion with air 
sucked through the air inlet also reduces the extent of 
reagglomeration of the particles. 
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Preferably the arrangement is such that, in use, the air 
passing through the air inlet or inlets passes along the 
internal surfaces of the inhaler thereby reducing contact 
between the dispersed active particles and those internal 
surfaces. In this way, undesirable deposition of active 
particles onto the internal surfaces of the inhaler may be 
minimised. 

The zone in which the jet of gas impinges on or flows 
across the powder and the air inlet or inlets may each 
communicate with the mouthpiece via separate passages. 
Preferably, the zone in which the jet of gas impinges on or 
flows across the powder and the air inlet communicate with the 
mouthpiece via a common passage, for example, the air inlet 
may communicate with the mouthpiece via an air flow passage 
15 and the zone in which the jet of gas impinges on or flows 

across the powder may communicate with that air flow passage. 
In that arrangement, as air is being sucked by the user 
through the air inlet, the dispersion is being formed by the 
action of the jet of gas on the powder and mixes with the air 
20 in the air flow passage upstream of the mouthpiece. 

Advantageously, the air flow passage flares outward in the 
region of mixing of the air with the dispersion, in order to 
promote mixing of the air and the dispersion. 

In a preferred arrangement, the velocity of the 
25 dispersion as it impinges upon the impact member is 

independent of the rate of the user's inhalation. For example, 
the inhaler may be such that mixing of air drawn in f rom air 
inlets (if present) occurs downstream of the impact member and 
does not influence the flow of dispersion onto the impact 
30 member. 

The inhaler is preferably one which is designed for use 
with pre-metered doses of powder, that is, the dispensing 
means is arranged to dispense pre-metered doses of powder. 
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The pre-metered doses may, for example, be packaged in a 
single blister or a plurality of doses may each be packaged in 
individual blisters on a blister strip or in a series of 
blister sealed cavities arranged around the circumference of a 
5 circular disc. The dispensing means may then comprise 

mechanical means, for example, a moveable blade or needle, for 
opening or piercing the blisters and means for advancing the 
strip or disc between uses of the inhaler. 

The pre-metered doses may alternatively be packaged in a 

10 plurality of small tubes or wells arranged in a strip or 

around the circumference of a circular disc. In that case, 
the dispensing means may comprise mechanical means for opening 
the tubes at one or both ends. The arrangement of the means 
for opening the tubes is advantageously such that, in use, 

15 release of the powder occurs at a controlled rate over the 
period of the generation of the jet of gas. 

Advantageously, the dispensing means comprises an inlet 
tube and an outlet tube, the arrangement being such that in 
use of the inhaler, the jet of gas flows through the inlet 

20 tube into a package containing a pre-metered dose of powder 

and the dispersion flows out of the package through the outlet 
tube. In a favoured arrangement, the inlet and outlet tubes 
are arranged to co-operate, in use of the inhaler, with 
preformed orifices on the package. Accordingly, the invention 

25 also provides a package for use with the inhaler which 

contains a pre-metered dose of powder and has inlet and outlet 
orifices arranged to co-operate, in use, with one or both of 
the inlet and outlet tubes of the inhaler. Advantageously, the 
inlet orifice of the package is less than 2mm, more preferably 

30 less than 1mm and especially preferably less than 0.5mm in 

diameter. The diameter of the outlet orifice may be similar to 
or less than, but is preferably greater than, the diameter of 
the inlet orifice. When it is desired to use the inhaler, the 
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package containing the pre-metered dose of powder is inserted 
into the inhaler and the inlet and outlet orifices are brought 
into communication with the inlet and outlet tubes of the 
dispensing means. The orifices may be covered by removable 
5 seals, for example, a foil seal, which are removed by the user 
prior to the package being fitted to the inhaler. 
Alternatively, the orifices may be sealed by burstable 
membranes which are burst by the jet of gas upon actuation of 
the inhaler. 

10 The inlet and outlet tubes may be movable such that when 

not in use they are in a storage position and when it is 
desired to use the inhaler they are moved into engagement with 
the inlet and outlet orifices of the package. 

One, preferably both, of the inlet and outlet tubes may 

15 be arranged to be movable so as to penetrate, in use, a 

penetrable wall of the package, for example, a foil seal. In 
that arrangement, the package may be kept in a sealed 
condition until the inhaler is actuated so that the pre- 
metered dose of powder is protected from the atmosphere for as 

2 0 long as possible. The ends of the inlet and outlet tubes of 
the dispensing means are preferably sharpened to facilitate 
the penetration of the penetrable wall of the package. The 
invention also provides a package for use with the inhaler of 
the invention which contains a pre-metered dose of powder and 

25 has at least one penetrable wall. After use of the inhaler, 
the spent package is removed from the inhaler and discarded. 

The dispensing means may be arranged to feed the whole 
dose of powder into the zone where the jet of gas impinges on 
or flows across the powder in a single batch so that the jet 

30 of gas impinges on the whole dose at once. However, whilst 
that arrangement has the advantage of simplicity it is 
disadvantageous in that the concentration profile of the 
particles in the gas/powder dispersion produced over the 
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lifetime of the jet will have a sharp peak and will then die 
away quickly. Such a "pulse" of highly concentrated powder 
may be unpleasant for the user and, furthermore, the 
likelihood of particle reagglomeration within that "pulse" is 
5 increased because the particles are closer together than they 
would be if the powder dose was fed into the jet of gas 
gradually over a period of time, and therefore there exists an 
increased probability of the particles colliding with each 
other . 

10 Preferably, the dispensing means comprises a feed device 

for incremental feeding of the powder, in use, into the jet of 
gas. The term "incremental" as used herein includes the 
gradual dispensing of the dose in a number of small portions 
as well as the continuous dispensing of the dose over a period 

15 of time. Such incremental feeding may be, for example, by 

controlled release of powder from a tube, preferably a narrow 
tube. A similar result may be obtained by the use of a 
'fluidised bed' as described below. 

In use, actuation of the inhaler triggers generation of 

20 the jet of gas. The jet of gas will last for a period of time 
which is generally not longer than the period of time over 
which the user can comfortably inhale, for example, the jet of 
gas may last for between 0.1 and 5 seconds, preferably from 
0,5 to 3 seconds and most preferably between 1 and 2 . 5 

25 seconds. The feed device may feed powder into the jet of gas 
continually during the time the jet of gas is being generated. 

Preferably, the powder feed may end before the generation 
of the jet of gas ends by, for example 0.1 or 0.5 seconds, so 
that towards the end of the period of generation of the jet of 

30 gas, no new powder is introduced and the jet can sweep the 
internal surfaces of the inhaler clean of powder. 

The feed means may comprise a plunger which, in use, 
pushes the powder from a holder. The holder will have an 
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internal cavity for the powder with a cross section which 
corresponds to the shape of the plunger in a plane 
perpendicular to the direction of travel, for example, the 
holder may be annular and the plunger circular. The dispensing 
means may, where the powder dose is pre-metered and packaged 
in a tube, comprise means for opening at least one end of the 
tube, means for positioning the tube in the region of the jet 
of gas and means for incrementally pushing the powder dose 
from the tube. Alternatively, the tube may form part of a 
metering arrangement for metering powder from a reservoir. 
The dispensing device may comprise a linear or circular strip, 
which holds the powder evenly spread and which is arranged to 
move incrementally through the jet of gas. The strip may be 
textured to hold powder, for example, the strip may be 
15 grooved. 

Preferably the inhaler comprises means for imparting a 
helical form to the flow of the dispersion. For example, the 
inhaler may comprise a chamber of circular cross section 
having a tangentially arranged inlet or having angled blades 

2 0 to direct the flow in a helical manner. The dispersion may be 

generated in the chamber, in which case the tangential inlet 
will be an inlet for the jet of gas and powder will either be 
present in the chamber before the jet of gas begins to flow, 
or will be fed into the chamber during the period in which the 
25 jet of gas flows. Alternatively, the dispersion may be 
generated upstream of the chamber, in which case the 
dispersion will, in use, flow into the chamber through the 
inlet. In a preferred embodiment, the chamber is formed in a 
replaceable dose package so that, after use, the package and 

3 0 the chamber may be discarded thereby avoiding any need to 

clean the chamber. The chamber is preferably cylindrical. The 
chamber preferably has a diameter in the range of 4mm to 3 0mm. 
The inlet into the chamber may be less than 2mm, preferably 
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less than 1mm and more preferably less than 0,5mm in diameter, 
The outlet is preferably axially arranged relative to the 
chamber. The diameter of the outlet may be similar to or less 
than, but is preferably greater than, the diameter of the 
5 inlet . 

The means for imparting helical flow may be a spiral tube 
through which the dispersion flows. The means for imparting 
helical flow may be of, or be coated with, an ant i- adherent 
material such as Teflon. 
10 The means for imparting a helical flow to the dispersion 

may be arranged downstream of the zone where the jet of gas 
impinges on or flows across the powder and upstream of the 
mouthpiece . 

The means for imparting helical flow is advantageously 

15 upstream of the impact member such that the flow of the 
dispersion as it impinges upon impact member is at least 
partially helical. The means for imparting helical flow may be 
downstream of the impact member. The means for imparting a 
helical flow to the gas may also be arranged upstream of the 

20 region where the gas impinges upon the powder (it has been 
found that the helical flow may in some cases continue 
downstream of that region) . The means for imparting helical 
flow to the gas may also be arranged downstream of the region 
where the gas impinges on the powder and, in some cases, that 

25 arrangement has surprisingly been found to produce helical 
flow in that region. 

Where the inhaler is an inhaler arranged to use a package 
comprising a pre-metered dose of powder, as described above, 
the package may comprise means for imparting a helical flow to 

30 the dispersion. For example, the package may comprise a 
chamber of circular cross-section having a tangentially 
arranged inlet or having angled blades to direct the flow in a 
helical manner as described above. Such packages are another 
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aspect of the invention. Preferably, the package is of an 
anti-adherent material such as Teflon. Alternatively, the 
internal walls of the package may be coated with an anti- 
adherent material . 

Helical flow of the dispersion is thought to promote the 
dispersal and deagglomeration of the active particles. Where 
helical flow of the dispersion occurs in a chamber as 
described above, larger particles, for example, carrier 
particles or agglomerates will tend to be thrown toward the 
outside of the vortex whereas fine particles, for example, 
active particles will tend to move toward the centre of the 
vortex, that is, toward the axis of rotation. Collisions with 
the chamber walls or with other particles may cause the large 
particles to break up or deagglomerate into fine particles 
15 which will then move toward the centre of the vortex, where 
the exit from the chamber is aligned with the centre of the 
vortex, the fine particles will be more likely to be carried 
through that exit than the large particles rather in the 
manner of a cyclone separation unit. In that way the large 
20 particles may be retained within the chamber whilst the active 
particles leave the chamber. Where the chamber is part of a 
replaceable package, the retained large particles will be 
discarded along with the spent package. The retention of the 
large particles will be more efficient as the size of those 
25 particles is increased and is likely to be especially 

advantageous where the particles are larger than conventional 
carrier particles, for example, when the carrier particles are 
fissured carrier particles. Whilst devices to promote helical 
flow are known for use with conventional dry powder inhalers, 
3 0 they suffer from the problem of powder deposition within the 
device. In the inhaler of the present invention, the flow 
rates are in general higher than that which can be obtained in 
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a conventional DPI by the user's inhalation and therefore 
undesirable deposition in the inhaler is reduced. 

Preferably, the inhaler comprises a chamber containing a 
plurality of relatively large particles, the chamber having an 
5 inlet for the jet of gas, an inlet for the powder and an 
outlet for the dispersion which communicates with the 
mouthpiece, the inlets and the outlet having mesh means to 
retain the relatively large particles within the chamber and 
the arrangement being such that, in use, the gas agitates the 

10 relatively large particles. In this way, in use of the 

inhaler, the relatively large particles form a fluidised bed. 
The gas flow through the bed creates shear on the particles 
thereby aiding dispersal and deagglomeration. Furthermore, 
the powder will be released from the fluidised bed over a 

15 period of time, for example, over a period of from 0.5 to 1.5 
seconds in duration, rather than in a single batch or "pulse" 
and will therefore provide, at least in part, the benefits 
associated with incremental feeding of the powder as discussed 
above . 

2 0 The term "relatively large particles" refers to particles 

significantly larger than the powder particles, for example, 
of diameter greater than 0.2 mm, preferably greater than 0.5 
mm. The relatively large particles may be beads having smooth 
surfaces. The relatively large particles may be of ceramic, 

25 for example zirconia or alumina or of glass or metal. 

Alternatively, the relatively large particles may be of a 
pharmaceutical ly inert excipient material, for example, a 
crystalline sugar such as lactose or a polymeric material. 
Preferably, all inlets and outlets to and from the chamber are 

30 covered with filtering means, for example, mesh, to retain the 
relatively large particles in the chamber. 

Preferably the powder is dispensed before generation of 
the jet of gas is commenced, The jet of gas flows through the 
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inlet for the gas and impinges onto the powder and the 
relatively large particles, thereby producing a fluidised bed. 
Optionally, the chamber may comprise a vibrating member which 
enhances the motion of the relatively large particles. 
5 The inhaler may comprise a chamber located downstream of 

the zone in which the jet of gas impinges upon or flows across 
the powder, the chamber containing a plurality of relatively 
large particles and having an inlet through which, in use, the 
dispersion enters the chamber and an outlet through which, in 
10 use, the dispersion leaves the chamber, the inlet and outlet 
having mesh means to retain the relatively large particles 
within the chamber and the arrangement being such that, in 
use, the gas agitates the relatively large particles. The 
passage of the dispersion through the chamber agitates the 
beads, the motion of which promotes the deaggregation of the 
powder particles . The chamber may be upstream or downstream of 
the impact member. 

Preferably the inhaler comprises, downstream of the zone 
in which the jet of gas impinges on or flows across the 
powder, means for subjecting the dispersion, in use, to 
converging currents of gas. Preferably, the currents of gas 
flow in opposing directions. In this way, turbulence is 
generated in the dispersion which improves the dispersal and 
deaggregation of the particles. Preferably, the opposing 
currents are currents of gas/powder dispersion. impacts 
between the particles will increase deagglomeration of the 
particles. Preferably, the arrangement is such that fine 
particles are separated in a centrifugal flow area and carried 
downstream to the mouthpiece whilst larger particles or 
agglomerates are recycled back to the impaction zone. Such 
arrangements are known for use in jet mills. This arrangement 
is particularly suitable for use in an inhaler comprising 
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means for generating a jet of gas because of the high flow 
rates which may be produced by the jet. 

It is known that the proportion of an inhaled dose of 
powder which reaches the lower lung varies with the rate of 
5 inhalation. At high flow rates, the particles are more likely 
to have a high momentum which causes them to impact with the 
walls of the respiratory tract prior to entry to the lower 
lung. Advantageously, the inhaler includes means for 
restricting the flow rate through the mouthpiece to not more 

10 than 80 litres/minute, preferably not more than 60 

litres/minute and more preferably to not more than 40 
litres /minute. Such a restricted flow rate helps to ensure 
that the user takes a relatively long, slow inspiration which 
is believed to be beneficial. Where the inhaler has an air 

15 inlet and the arrangement is such that air drawn through that 
inlet makes up the major proportion of the inhaled breath, the 
restriction means may take the form of a constriction in the 
vicinity of or downstream of the air inlet. Where the inhaled 
gas comprises a major proportion of the gas making up the jet 

20 of gas the restriction means may take the form of a means for 
limiting the rate of production of gas, for example, where the 
gas is produced by evaporation of a liquid propellant 
contained in a reservoir having an exit valve, the exit valve 
may be sized so as to maintain the gas flow rate below the 

25 desired maximum. 

The inhaler may be actuated by the user. For example, 
the user may place the mouthpiece in his or her mouth and 
press a button to actuate the dispensing means and the 
generation of the jet of gas. However, in that arrangement, 

30 it is necessary for the user to co-ordinate inhalation with 
the pressing of a button, especially in the case where the 
inhaler has an air inlet for inhaled air, and some types of 
users, particularly the young, find that coordination 



BNSDOCID: <WO .„ 02<l5694>iA1 I > 



WO (12/056948 



PCT/GB02/00198 



difficult to achieve. Preferably, the inhaler is actuated 
upon inhalation through the mouthpiece, that is, the jet of 
gas is actuated by the inhalation. For example, where the 
inhaler has an air inlet, it may comprise a biassed hinged 
5 gate in the region of or downstream of the air inlet wh<ch is 
connected to the means for generating the jet of gas and is 
arranged to be moved by air sucked in through the inlet, 
thereby triggering generation of the jet of gas. Where 'the 
inhaler does not have an air inlet, generation of the jet of 
10 gas may be triggered by a pressure sensor which responds to 
the drop in pressure caused by inhalation of the user through 
the mouthpiece. The arrangement may be such that generation 
of the jet of gas may continue for as long as the user inhales 
or it may be such that generation of the jet of gas continues 
15 for a fixed period, where the inhaler has an air inlet, the 
arrangement may be such that the generation of the jet of gas 
and consequent dispersal of the powder in the dispersing means 
has a fixed duration which is shorter than the expected 
duration of the user's inhalation thereby providing for a 
20 bolus cloud comprising the dispersed particles to be 
generated, delivered and followed by clean air before 
inhalation ceases. For example, the arrangement may be such 
that upon inhalation through the mouthpiece the jet of gas is 
generated and continues to be generated for between 0 1 and 5 
25 seconds, preferably between 0.5 and 3 seconds and more 
preferably between l and 2 seconds. 

Such automatic actuation on inhalation means that the 
Aspersion is generated on demand, travelling very quickly 
xnto the user's airways with minimum exposure to the device's 
3 0 internal walls. As the dispersion continues to be generated 
while the user is inhaling, the total volume of dispersion 
generated can be quite large (but not exceeding the user's 
inhalation volume) while avoiding the need for a 
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The 



10 



correspondingly large chamber within the inhaler, 
generation of a large, dilute dispersion is also advantageous 
compared to a smaller, more concentrated dispersion because 
the likelihood of particle reagglomaration is reduced. 

The mouthpiece may be of any suitable form. It is known 
that upon inhalation of a dispersion of particles, a 
proportion of the particles is deposited on the inside of the 
mouth, for example, on the tongue. Preferably, the mouthpiece 
is adapted to extend, in use, past the teeth of the user and 
over at least a portion of the user's tongue, for example, 
over a quarter or more preferably over half the length of the 
tongue. Especially, advantageously, the mouthpiece 
comprises external stop members which, in use, abut the lips 
or the teeth of the user. Such stop members allow the user to 
15 correctly and reproducibly position the mouthpiece in his or 
her mouth. 

In a preferred embodiment, the invention provides a dry 
powder inhaler comprising dispensing means for dispensing a 
dose of a powder, means for generating a jet of gas which, in 
20 use, impinges upon or flows across the powder thereby forming 
a dispersion of the powder in the gas, a mouthpiece located 
downstream of and communicating with the means for generating 
a jet of gas and, downstream of the means for generating a jet 
of gas and upstream of the mouthpiece, an impact member and 
25 means for imparting helical flow of the dispersion, the 
arrangement being such that, in use of the inhaler, the 
dispersion is formed during the period over which the user of 
the inhaler inhales from the inhaler. Advantageously, the 
helical flow takes place in a chamber having a circular or 
oval cross-section, for example, a cylindrical chamber or. 
tube, which may have a conical section at one end. 

The invention provides an inhaler comprising dispensing 
means for making a dose of a powder available for dispersal, a 
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dxspersal device comprising means for generating a jet of gas 
which, in use, impinges upon or flows across the powder 
thereby forming a dispersion of the powder in the gas, the 
inhaler further comprising an impact member located downstream 
of the dispersal device and a mouthpiece located downstream of 
the xmpact member and communicating with the dispersal device 

The invention also provides an inhaler comprising 
dispensing means for dispensing a dose of a powder, a 
dispersal device comprising means for generating a jet of gas 
which, in use, impinges upon or flows across the powder 
thereby forming a dispersion of the powder in the gas and a 
mouthpiece located downstream of and communicating with the 
dxspersal device, the arrangement being such that in use of 
the inhaler the dispersion is formed during the period over 
which the user of the inhaler inhales from the inhaler. In 
this aspect, the inhaler does not comprise an impact member 
but may comprise one or more of the other features mentioned 
herein. 

The invention also provides an inhaler including a 
replaceable package comprising a pre-metered dose of powder as 
described above. 

Powcters suitable for use with an inhaler according to the 
mventron preferably comprise one or .ore pharmacologically 
actrve agents. Suitable pharmacologically active agents may 
be substances for therapeutic and/or prophyiactic use. active 
agents which may be included in the formulation include those 
products which are usually administered orally by inhalation 
for the treatment of disease such as respiratory disease, for 
example, &- agonists. 

The active agent may comprise at least one ^-agonist, for 
example one or more compounds selected from terbutaline 
salbutamol, salmeterol and formeterol. if desired, the'powder 
may comprise more than one of those active agents, provided 
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that they are compatible with one another under conditions of 
storage and use. Preferably, the active agent is salbutamol 
sulphate. References herein to any active agent is to be 
understood to include any physiologically acceptable 
5 derivative. In the case of the B 2 -agonists mentioned above, 
physiologically acceptable derivatives include especially 
salts, including sulphates. 

The active agent may be ipratropium bromide. 
The powder may include a steroid, which may be 
10 beclomethasone dipropionate or may be Fluticasone. The active 
principle may include a cromone which may be sodium 
cromoglycate or nedocromil. The active principle may include 
a leukotriene receptor antagonist. 

The powder may include a carbohydrate, for example 

15 heparin. 

The powder may advantageously comprise a 
pharmacologically active agent for systemic use provided that 
it is capable of being absorbed into the circulatory system 
via the lungs. For example, the powder may comprise proteins, 
20 peptides or polypeptides such as DNase, leukotrienes or 

insulin, leuprolide, growth hormone, parathyroid hormone or an 
interferon. The formulation of the invention may in 
particular have application in the administration of insulin 
to diabetic patients, thus avoiding the normally invasive 
administration techniques used for that agent. The technique 
could also be used for the local administration of other 
agents for example for pain relief (e.g. analgesics), anti 
cancer activity, anti-virals, antibiotics or the local 
delivery of vaccines to the respiratory tract. 

The active agent may be in the form of primary (that is, 
undivided) particles which advantageously have a mass median 
aerodynamic diameter in the range of from 0.1 to 15/itn, 
preferably from 0.1 to lO M m, more preferably from 1 to 8 M m and 
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— t preferably f rom 0 . 5 to The aocive ^ 
Present in an e£factiTe ..^ £or ^ ^ ^ 

"eight, and may be present in an amount of up to 100% by 
weight based on the total „ei ght of the powder. Preferably, 
>■ the active agent is in the form of partioles having a " ' 
geometrio standard deviation of aerodynamic diameter of less 
than more pre£erably less than 1 6 ^ espec . aUy 

advantageously less than 1.4. 

The powder may comprise carrier particles. The carrier 
particles may be conventional carrier particles having a mass 
medran drameter W o£ around ,0„m. Preferably, however, the 
earner particles have an M*> of at least l75 M m, more 
preferably at least 200 B m and especially preferably at least 
250pm. The carrier particles may bave a diameter of at least 
=0pm. Although as described below the formulation may include 
particles of diameter less than 50pm of the same material as 
the carrier particles, those smaller particles are not 
included within the term -carrier particles- as used herein 
Advantageously, not more than 10% by weight, and preferably' 
not more than 5% by weight, of the carrier particles have a 
hamster of isopm or iess. Advantageously at least 50% by 
"eight Of the carrier particles have a diameter of 175 pm or 
more and preferably 200pm or more. Advantageously, at least 
S0« by weignt, and preferably at least 55% by weight, of the 
carrrer particles have a diameter of not mora than imm. " 
Preferably at least 50% by weignt of the carrier particles 
have a diameter of not more than 600pm. Advantageousiy at 

east 50% by weight, and preferably at least 50 % by weignt, of 
the carrier particles have a diameter of 200pm or mora 
Preferably, at least 50* by weight of the carrier particles 
have a diameter between 150pm and , 50 pm, more preferably 

between 150pm and 650pm. Particular »*™,. 

radicular advantages are offered by 
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formulations in which substantially all of the carrier 
particles have a diameter in the range of about 210 to about 
360nm or from about 350 to about 600um. 

The carrier particles may be of any acceptable 
5 pharmacologically inert material or combination of materials. 
For example, the carrier particles may be composed of one or 
more materials selected from sugar alcohols; polyols, for 
example sorbitol, mannitol and xylitol, and crystalline 
sugars, including monosaccharides and disaccharides; inorganic 
10 salts such as sodium chloride and calcium carbonate; organic 
salts such as sodium lactate; and other organic compounds such 
as urea, polysaccharides, for example starch and its 
derivatives; oligosaccharides, for example cyclodextrins and 
dextrins. Advantageously the carrier particles are of a 
15 crystalline sugar, for example, a monosaccharide such as 
glucose or arabinose, or a disaccharide such as maltose, 
saccharose, dextrose or lactose. Preferably, the carrier 
particles are of lactose. 

The carrier particles are preferably of a material having 
20 a fissured surface, that is, on which there are clefts and 
valleys and other recessed regions, referred to herein 
collectively as fissures. Such carrier particles are described 
in PCT/GB01/01732 published as WO 01/78694. The fissures 
should preferably be a least 5um wide extending to at least 5um 
25 deep, preferably at least lOum wide and lOum deep and most 
preferably at least 20jim wide and 20um deep. The fissured 
carrier particles offer particular advantages in that they are 
capable of retaining relatively large amounts of fine material 
in the fissures without or with only little segregation. Those 
30 fissured carrier particles may have been produced by wet 

agglomeration of smaller carrier particles and may, at least 
to some degree, also be broken up in the inhaler by turbulent 
flow and impacts into smaller particles. 
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rs believed that including carrier particles in a 
powder for inhalation may provide the following benefits- 

1) The process of suspending and aerosoUsing the powder 
rs enhanced, thereby helping to empty the lnhaler 

2) The greater momentum and kinetic energy of carrier 
particles ,as compared to fins active particles, in m otion 
enhances deaggregation of the particles in the powder 
particularly deaggregation arising throU3h lmpact o£ ^ 
particles with the inhaler surfaces or with other particles- 

3) The carrier particles improve the flow properties of 
the powder; and 

4) The carrier powders h<=i-n 
^ . P rS nelp to scour Powder deposits from 
the internal surfaces of the inhaler. 

It will be appreciated that those benefits will be m ore 
evident for larger carrier particles than for relatively small 
carrier particles. 

The powder may comprise an additive material which 
promotes the dispersal of the particles of active agent. Such 
addrtrve materials are described in WO S6 / 23 4 S5 and no 
37/0364,. The powder may further comprise fine parties of an 
excprent material, that is. fine particles of a solid 
pharmaceutical^ inert substance. 

in addition to any carrier particles, active agent, 
addrtrve material and fine excipient particles, powders 
suable for use in an inhaler according to the invention may 
compose one or more further additives suitable for use in 
inha er formulations, for exampie, flavourings, iubricants, 

and flow improvers, where such further baai-- 
^ i-urcner additxves are present 

they will generally not exceed io» v™ • u Present, 

7 exceed 10-s by weight of the total 

30 weight of the formulation. 

The small si2e of the active particles i s associatecl ^ & 

endency to form agglomerates or to adhere to the surfaces of 

larger particles if present, for example carrier particles 
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As noted above, the deagglomeration of the active particles is 
considered to be an important step in the delivery of the 
active particles to the lung. The action of the jet of gas 
upon the powder, as well as causing effective resuspension and 
dispersal of some or all of the powder, also has the desirable 
effect of causing, to a greater or lesser extent, 
deagglomeration of the active particles. The inhaler may 
contain one or more doses of a formulation having one or more 
of the features described above. The inhaler advantageously 
comprises one or more doses of a formulation comprising 
carrier particles, especially fissured carrier particles. 

The invention also provides a method of generating a 
dispersion in a powder inhaler comprising the steps of 

1) making a dose of powder available for dispersal; 

2) generating a jet of gas under positive pressure which 
impinges upon or flows across a powder thereby forming a 
dispersion of the powder in the gas,- and 

3) directing the flow of the dispersion onto an impact 

member . 

The term -positive pressure" refers to a pressure above 
atmospheric pressure (>lbar) , for example, greater than 1.5 
bar. 

The jet of gas is preferably generated while inhalation 
is taking place. Preferably, the jet of gas is generated by 
25 allowing gas under a pressure above atmospheric to flow 
through an orifice to a region of atmospheric pressure. 

Several embodiments of the invention will now be 
described for the purpose of illustration only with reference 
to the Figures in which: 

Figure 1 shows vertical sectional view of an inhaler 
according to the invention; 

Figure 2 shows a plan view of a wheel of dosing wells for 
use in the dispersal mechanism of Figure 3, 
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Figures 3 to 6c show various forms of dispersal device 
for use with inhalers according to the invention, and 

Fxgures 7 and 8 show two forms of chamber comprising 
relatively large particles for use with inhalers according to 
5 the invention. 

Figure 9 shows a dispersal device with an expansion 
chamber, 

Figures loa and 10b show two dispersal devices each 

10 TTt ^ 9Merate S j " ° f 335 £r0 ™ W »»— from 
10 the headspace in a reservoir, 

Figures Ua to lid show various feme of impact mender 
Figures 12a and 12b are, respectively, a front view and 
side view in section of a chamber having a tangential inlet 
Figures 13a and 13b are, respectively, front and side ' 
views in section of another chamber having a tangential inlet 
Figures 14a and 14b are, respectively, a side view and a' 
front view in section of , separation device in an inhaler 

Figures 15a and 15b are a front and side view in section 

- ::zt:z of a ~ havin9 biades <™ • ' 

angler 9 ""- 1 ! *" ee " i0n * °* » ^ ^ing 

angled air inlets to promote helical flow. 

Figure l, is an end view of the air inlets of f igure u 
Figure 18 shows a tube, part of which has a spiral form! 
Figure 19 shows a part of an inhaler having an expanded 
region around an impact member, 

Figure 20 shows a disposable package containing a pre- 
metered dose of powder, ' 

Figure 21a shows a view of another disposable package 
containing a pre-metered dose of powder, 

Figure 21b shows an end view of the package shown in 
Figure 21a, n 
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Figure 22a shows in perspective view a further disposable 
package containing a pre -metered dose of powder, and 

Figure 22b shows a view from the top of the package shown 
in Figure 22a. 

Figure 1 shows a dry powder inhaler comprising a casing 
1, which surrounds a reservoir bottle 2 for liquid propellant 
or compressed gas having an exit valve 3 which leads via a 
tube 4 into evaporation chamber and a heat exchange unit 5. 
The evaporation chamber has an exit orifice 6 which leads 
directly to a tube 7. The tube 7 has two parts 7a and 7b, 
arranged along a common axis. A gap between those two parts 
7a and 7b accommodates a dose wheel 8 (see Figure 2) which 
turns about a spindle 9. The tube 7b joins on to an air flow 
passage 10 which extends between an air inlet 11 and a 
15 mouthpiece 12. At the exit of tube 7b into air flow passage 10 
is an impact member (not shown in Figure 1) fixed in a 
position such that the plume of dispersion leaving the tube 7b 
impinges upon it. Collisions between the powder particles and 
the impact member promote deagglomeration of aggregates in the 
powder and, where the powder comprises carrier particles, 
separation of the active particles from the carrier particles. 

The air flow passage 10 has a region of increased 
diameter in the vicinity of the union with the tube 7b to 
reduce contact between the particles and the walls of the air 
25 flow passage 12, thereby discouraging powder deposition on 
those walls. 

Air inlet 11 may be provided with a gate arranged to move 
in response to air being sucked in through the air inlet 11, . 
and a control mechanism arranged to trigger the opening of the 
valve 3 in response to that movement of the gate. 
Alternatively, an actuation button for the opening of the 
valve 3 may be provided on the casing 1. 
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in use, the user inhales through the mouthpiece 12 which 
if the air inlet 11 is provided with a trigger gate, 
automatically causes the valve 3 to open. Otherwise the user 
presses an actuation button on the casing while inhaling which 
causes the valve 3 to open. The opening of the valve 3 allows 
liquid propellant to flow out of the reservoir 2 under 
pressure and into the chamber 5 whereupon it evaporates to 
generate gas under high pressure. That gas flows through the 
orifice 6 to form a jet of gas in the tube 7 a which impinges 
on powder held in a holder 8a of the dose wheel 8, dispersing 
the powder and sweeping it into the tube 7b. As the dispersion 
leaves tube 7b it impinges on the impact member (not shown) 
and then flows into the air flow passage 10. The gas/powder 
dxspersion exiting the tube 7b is entrained in the larger 
volume of air being sucked through the air inlet 11 along the 
flow passage 10 and out of the mouthpiece 12. The mouthpiece 
12 comprises stop members 12a which rest against the front of 
the user's teeth during inhalation, an extended portion 12b 
which extends past a significant portion of the user's tongue 
20 and outlet 12c. 

The high pressure of the gas in the chamber 5 ensures 
that the jet of gas in the tube 7a travels at a high velocity 
thereby giving excellent dispersal of the powder in the holder 
8a. That dispersal and deagglomeration is particularly 
25 efficient where the pressure of the gas in the chamber 5 and 
the diameter of the orifice 6 are such that choked flow 
conditions occur in the tube 7. The velocity of the dispersion 
xn tube 7b is also high and therefore agglomerates or large 
carrier particles present in the dispersion strike the impact 
30 member with a high degree of force. 

The dose wheel 8 is shown in plan view in Figure 2 and 
comprises about its circumference a plurality of dose holders 
8a each holding a pre-metered dose of powder. Upon each 
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actuation of the inhaler, the dosing wheel 8 rotates to bring 
a new holder 8 into alignment with the tubes 7a and 7b. 

Figure 3 shows a portion of an inhaler wherein the dosing 
wheel 8 comprises a plurality of tubular holders 13 open at 
each end. The dosing wheel rotates between a powder reservoir 
(not shown) where the holders 13 are filled with powder and 
chamber 14 thereby transporting doses of powder from the 
reservoir to the chamber 14. Chamber 14 is of generally 
conical form and has an inlet 15 arranged at the wide end of 
the cone through which the jet of gas enters and an axial 
outlet 16 at the narrow end of the cone through which the 
gas/powder dispersion exits. The dosing wheel 8 extends into 
the chafer 14 such that the holder 13 is located along the 
axis of the cone between the inlet 15 and the outlet 16. In 
use, the jet of gas flows over the top of the holder 13 and 
the powder is pushed incrementally from the holder 13 into the 
path of the jet of gas by a plunger 17 which extends through 
one wall of the chamber 1. 

The inlet 15 may be radially arranged so that the jet of 
gas flows directly toward the holder 13. Preferably, however, 
the inlet 15 is tangential to the chamber 14 so that the jet 
of gas flows about the chamber 14 in a helical fashion. 

The outlet 16 has constriction 18 in which choked flow 
conditions occur as the gas/powder dispersion flows through 
it. Downstream of the constriction 18 is an impactor plate 
18a with which particles collide, thereby promoting 
deagglomeration. The impactor plate 18a is located directly in 
the flow path of the plume of dispersion which exits the 

constriction 18. 

Figures 4 and 5 show details of two further arrangements 
for incremental feeling of the powder into a jet of gas. 

Figure 4 shows a turntable 19 upon which powder is evenly 
spread. In use, a jet of gas issues from a tube 20 which is 
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Erected toward the circumference "of the turntable u 
sweeping the powder fro. a portion of the turntable 1S as a 

it!::r o : t the direction ° f *■ — * - '™ M 

rotates about a spindle ?i v,*.,-„ ■ 
c • fcV u P 6 21 brin Smg more powder into contact 

5 with the jet of aaq T h a contact 

9 The turntabl « 19 completes one rotation 
m two seconds. on 

Figure 5 shows another t-m-rn-aKi ,= 

utner turntable arrangement wherein the» 
Powder 1S contained ln holders (nQt sho>m) - the 

body of wheel B and open at the circumference of whee B In 

rotatT 1 * 3 PO " der £r ° m tUiUUr » «» — • 

Figure 6a shows a form of con^H.hj 

i«n or constriction comprisinq conical 

tube 24 to prov.de a conical annular flow path downstream of 
powder dispenser 25. In use a 1„t- „«■ . ™ 1E " :ream ° £ 

tube 24 ■ 3 9aS is formelJ th r°ugh 

tube 24. dispersing and entraining powder from dispenser 25 tc 

20 1 " She " " hi0h and 

20 deagglomeration of the particles. 

figure 6b shows a modification n. 
* - -h the conical ^J^Tu ~ * «~ 
mediately downstream of an outlet 24a from a generally 
cylindrical chamber 24b. tte outlet 24a ^ JT"' 

25 one end of the chamber 24b At the oth T 9 ^ 

e othar end of the chamber 

tL \ :: 24c which is tan9entiany « 

xougn inlet 24c and swirls in a helical f a «hn „ 
chamber as shown in Figure 6b Unon i ™ "* 

30 via axial exit 24a thTd * ^ Cb ** er 24b 

exit 24a, the dispersion impinges upon conical 
impact member 23. cai 

The powder may be introduced through a powder Inlet tube 
■* ^e position marked by arrow A into inlet tube 24a or T 
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may be introduced through a powder inlet tube directly into 
chamber 24b at the position marked by arrow B. Alternatively, 
the chamber 24b may be formed as part of a replaceable package 
containing a pre -metered dose of the powder. In that 
embodiment, the package is fitted to the inhaler so that the 
inlet 24c connects to the gas supply device and the exit 24a 
is correctly positioned relative to the impact member 23 . The 
inhaler is then ready for actuation. The package is discarded 
after use. 

Figure 6c shows an arrangement which is similar to that 
shown in Figure 6b but wherein the exit 24a is tangential to 

the chamber 24b. 

Figure 7 shows a fluidisation chamber 3 3 having a powder 
inlet tube 34, a porous floor 35 through which a jet of gas 
may flow and an outlet 36 which is covered by a mesh 37. The 
chamber contains zirconina beads 38. Prior to actuation of 
the inhaler, the beads 38 rest on the porous floor 35. Upon 
actuation of the inhaler, a dose of powder is dropped through 
the inlet 34 onto the beads 38 and a gas jet is caused to flow 
through the porous floor 35 agitating the beads 38 in the 
manner of a fluidised bed. The powder {not shown) is 
dispersed by the combined action of the gas jet and motion of 
the beads 38 and exits the chamber as a gas/powder dispersion 
through outlet 36. 
25 Figure 8 shows an embodiment wherein a gas /powder 

dispersion is formed outside of chamber 33 by gas jet in tube 
34 impinging on powder being dispensed from tube 35. The 
gas/powder dispersion enters chamber 33 through a tube having 
an open end close to the floor of chamber 33. As the 
30 dispersion is forced into chamber 33 it agitates the beads 38 
thereby improving the dispersal and deagglomeratiori of the 
particles . 
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Figure S shows , partial slfle v . ew o£ a ssct . on ^ 
dispersal device in an inhaler iccord . ng ^ ^ lnventim ^ 

dispersal device comprise, expansion chamber 3 9 having at one 
end an iniet 40 leading to a valve and reservoir (not shown, 
of llguid propellent. At the other end of chamber 39 is a 
tapered section 41 which leads to venturi 42 having powder 
inlet 43. immediately oeyond the venturi 42 is impact member 
42a. m nse. upon actuation of the inhaler, a predetermined 
VOW of propeilant is metered from the reservoir (not 

shown, via the metering valve (not shown, into the chamber 3 9 
via rnlet 40. The propellent then evaporates rapidly producing 
let of gas through venturi 42 which entrains powder from the 
powder inlet 43 to form a dispersion. The dispersion strifes 
imact member 42a upon leaving venturi 42, thereby promoting 

15 deagglomeration of the nowder tv>« *a 

cue powaer. The dispersion then flows 

toward the mouthpiece (not shown) . 

Figure ioa shows a dispersal device comprising a 
reservoir 44 containing l iquid propellanfc ^ ^ 
hvdrofluoroalfcane propellant, and having headspace 46 above 
the propellant. A tube 47 leads from the headspace 46 to a 
valve 48 which communicates with a chamber 49. Powder 50 
which may be a pre-metered dose of powder, is present in' 
chamber 49. (Powder may also be introduced via a powder 
dosing wheel as shown in Pi gure a . The powder 

2S would be arranged to rotate about an axis parallel to the axis 
of t e tube 51 and could ^ ^ 

locates A, B or C as shown) . chamber 49 leads into an 

extended narrow tube 51 which itself extends alo™ 
- „„-, j j . , excencts along the axis of 

a cy indrxcal outer tube „. Damzm o£ ^ ^ ^ 
the tube 51 is „ impaot menier ^ ^ ^ ^ 

shape „ hl ch as fixed to the walls of outer tube 52 by support 
struts (not shown, . The leading surface of impact melerT 
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has a central, flat portion (which directly opposes the open 
end 53 of tube 54) and angled shoulders. 

Upon actuation of the inhaler, the valve 46 is opened for 
a predetermined period of time allowing propellant vapour to 
escape into the chamber 49 forming a jet which flows over the 
powder 50 generating a powder dispersion which flows under 
pressure along the tube 50. Upon leaving the open end 53 of 
the tube 50 the dispersion impinges upon the leading surface 
of the impact member 54 and larger particles and aggregates 
with sufficient momentum will strike that surface. Separation 
of the active particles from carrier particles and the 
breaking up of aggregates is promoted both by those collisions 
with the impact member and by the turbulence around the xmpact 
member. 

The trailing (i.e. downstream) surface 55 of the impact 
metrber 54 is flat and is perpendicular to the direction of 
flow of the dispersion. Further turbulence is generated as 
eddies form in the region of the downstream end of the impact 
member 54, thereby serving to further disperse the active 

20 particles. 

in one favoured embodiment, the upstream end 56 of the 
outer tube 52 includes a pressure sensor for sensing a 
pressure drop caused by the user inhaling through the 
mouthpiece (not shown) . The signals from that sensor can be 
used to initiate opening of the valve 48 such that the 
generation of the dispersion is actuated by the user's 
inhalation. 

In a further favoured embodiment, the upstream end region 
56 of outer tube 52 comprises air inlets 57. Those air inlets 
30 may be arranged around the outer wall of outer tube 52 so that 
air dram in by the user's inhalation flows down the outer 
tube 52 along the inside wall of that tube thereby reducing 
contact between the dispersed powder and the walls of the 
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outer tube 5 2 „i th . COMequent reduction ^ Qf 
particles on those walls. 

Figure 10b shows an arrangement generally similar to that 
shown xnP igure 10a wifch two modif ications . ^ ^ 

48a which connects valve 46 with chamber 49 is arranged in an 
tangential direction to the chamber in the manner shown in 
Figures 12 a) and b) such that the propellant vapour flows, in 
chafer 49, in a swirling helical fashion. Secondly, air 
inlets 57a, are arranged in the wall of tube 52, rather than 
at the upstream end of that tube, and are arranged to direct 
th^flow of air toward the expanding powder bolus exiting from 

Figures l la to lid show side views of four impact members 
of differing shapes for use in the device of figure 10 The 
-pact member shown in fi gure lla has a leading (upstream) 
surface having a central flat portion and angled shoulders 
sxmxlar to the impact member 54 shown in figure 10. However 
the impact member of fi gure lla is not cylindrical ^ ^ ' 
generally conical so that it tapers away in the downstream 

direction to a point. That tanerino i . k , • 

„ , . . tapering ls believed to minimise 

powder deposition on the downstream portion of the impact 
member. The impact member of fi gure llb ^ the fQrm o£ 
truncated cone with the narrow end pointing upstream so that 
he dispersion binges upon the small fiat portion and then 
ows along the outwardly tapering bcd y of the i^act member. 
The tapered nature of that impact member in the upstream 
region .here the dispersion first impinges upon it reduces the 

lxkelihood of particles b^'n« ^ ■ 

. „ Particles being thrown against the inner walls 

of outer tube 52. 

Figure lie shows an impact member of generally 
cylindrical form but having a rounded leading surface The 
rounded end may be embossed with a spiral pattern, f or 
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example, it may have spiral grooves, in order to impart a 
helical flow to the dispersion. 

Figure lid shows a small, cylindrical impact member 
having a cross-section corresponding to that of the elongated 
5 tube 50. The small size of the cross section is again thought 
to reduce the likelihood of particles contacing the walls of 
the outer tube 52. The gap between the open end 53 of the tube 
50 and the upstream surface of the impact member shown in 
figure lid may be up to 2cm. 
10 in an alternative embodiment, the impact member is a 

single large bead which is not fixed to the walls of the outer 
tube 52 but is too large to pass through the outlet from that 
tube. Thus the bead is free to move within the tube 52 thereby 
generating additional turbulence. In that embodiment, the 
15 outlet of the tube 52 must be configured so that the bead 
cannot seal it, thereby blocking the apparatus. 

Figures 12a and 12b show a chamber 58 arranged downstream 
of the dispersal device (not shown) and upstream of the 
mouthpiece (not shown). The chamber 58 has, at opposite ends, 
an inlet 59 and an outlet 60 for entry and exit of the 
dispersion. The chamber has a circular cross section and the 
inlet 59 is arranged in the side of the chamber tangentially 
to the axis of the chamber 58 so that the dispersion flows in 
a swirling, helical manner (as indicated by the dotted arrows) 
25 along the length of the chamber to the outlet 60 which is 

centrally located at the far end of the chamber 58. The walls 
of the chamber 58 taper inwards toward the outlet 60 in order 
to minimise "dead space »' where powder may be deposited. 

immediately downstream of the outlet 60 is an impact 
30 member 60a upon which the dispersion impinges as it flows from 
the outlet 60. impact member 60a is in the form of a cylinder 
arranged coaxially with the chamber 58 and having angled 
shoulders at its upstream end. 
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in a modrf ied version of the apparatus shown in Figures 
12a and 12b, the chafer 58 is cy i indrical (without a ^ 
one end) and the exit from the chamber is arranged 
tangentially in the curved wall of the chamber 58 at the 
5 position shown by arrow A in Figures 12a and 12b. 

in a further variation of the apparatus shown in Figures 
12a and 12b, the chamber 58 may be part of the dispersal 
device, in this embodiment, the inlet 59 is an inlet for gas 
(rather then for dispersion, and communicates with the gas 
10 source. Powder is introduced into the chafer in the vicinity 
of the gas inlet through a separate powder inlet at the 
position marked with the arrow B in Figures 12a and 12b 

Figures 13a and 13b show partial views of a chamber 61 

15 f \t eXCePti ° n ° f ^ a""** -i-iUr 

to the chamber 58 shown in figures 12a and 12b. The chamber Si 

has a tubular inlet 62 for the dispersion which meets the side 

wall of the chamber in a tangential way and which projects 

into the chamber 61. The end 63 of the inlet tube 62 which 

P^ects into the chamber 61 is closed and an open ended tube 
WMCh SXtendS th ~ugh the wall of tube 62. Open 

*nded tube 64 is angled to point in a slightly downstream 

dxrectxon. m use, a spiralling motion is imparted to the 

dispersion as it flows downstream along ^ 

chamber 61. 

* An impact member (not ahown) nay be ^ imBediate 

downstream of the chafers shown in Pigures 12a> ^ i3a J 

Pigures 14, and »h show a chafer 65 o£ oiroular croas 
section having a tangentially arranged i„ let „. 0utlet t ^ 

« hut extends past that inlet SS into the cenCral 

U» chafer „. Towards the other end of the chancer 65, the 

"ana taper inwards to a second outlet 68 „ hich opens iMo 
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collection chamber 69. In use, the gas/powder dispersion flows 
into the chamber 65 via inlet 66 and swirls around the 
interior of the chamber in a generally helical way as 
indicated by the dotted line and then out through the outlet 
tube 67. The chamber 65 acts as a cyclone to separate the 
small active particles, which are carried out towards the 
mouthpiece (not shown) through the tube 67, from large carrier 
particles or aggregates which are retained in the collection 
chamber 69. 

Figures 15a and 15b show a further chamber 70 of circular 
cross section also having a tangentially arranged inlet 71. 
Coaxial with the chamber 70 is an inner chamber 72 also of 
circular cross section having at one end an outlet 73 and at 
the other end, in the region of the inlet 71, an opening 74 
15 having three angled blades 75. In use, the dispersion enters 
the chamber 70 via inlet 71 and then flows into inner chamber 
72 via opening 74 with angled blades 75 serving to impact a 
swirling, helical motion. In an alternative embodiment, the 
opening 74 extends all the way round the wall of the inner 
20 chamber 72 with the blades 75 being arranged at regular 
intervals . 

Whilst the chambers of figures 12a, 12b, 13a, 13b, 15a 
and 15b have been described above as being downstream of the 
dispersal device so that gas/powder dispersion flows through 
25 them, they may also be arranged upstream so that the jet of 

gas flows through them before impinging on the powder. In this 
way a helical motion is imparted to the jet of gas which may 
persist when the powder has been entrained. In those 
arrangements, deposition of powder in the chambers is avoided. 

Figure 16 shows a dispersal device similar to that shown 
in figure 10 having an impact member of the sort shown in 
figure lid. The upstream end of outer tube 52 is open and is 
provided with two internal helical baffles 76 which extend 
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tube 51 thereby deflnin9 t „ o hel , cai ^ 7 ^ 
Figure 1, shows the view through line x show ln 

helida! air fIo w passages 78a and thereby adopts a helical, 
swirling motion which gives a high level of turbulence in the 
re 91 on around end 53 of tube 5! thereby promoting 
deagglomeration of the powder particles. 

Figure la shows a tube 77 arran9ed bet „ een 
device and the .outhplece te ot shown, having a helical section 
78. in use, the dispersion flews through the tube in the 
direction of the arrow and a helical motion is imparted by the 
helical sect.cn 78. Surprisingly, the helical motion has been 
found to be parted to the dispersion u P strea n of the helical 
section 78 as well as downstream. 

that " ShOWS " arran3ement generally corresponding to 

that shovm in figures 10 and is w v, 

ha y res io and 16 but wherein the outer tube 52 

ha an expanded portion 7 , in che region o£ ^ 

around the lnpa ct thereby reducing contact between the 

Parties in the dispersion and the walls of the tube 52 

hav in r 9U t r H- 2 °. Sh0, ' S 3 P3Cka9e 80 ° £ «*ol*a for™ 

hsvmg wrthrn its upper face a trough shaped depression „ 

' r ™ n iines> wMch rm,s «- ^ of t 

LTnt Cr ° U9h 81 13 ° f ™^ -oss-section 
2 • Plane perpendicular to the length of the parage and 

meets with the upper face of the package to for. a rectangular 
opening which is sealed over bv foi 1 ""angular 

u over Dy toil covering 82. A pre- 
metered dose of powder 83 • ^ ' 

81 3 rests ln the b °ttom of depression 
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When it is desired to use the inhaler, the package 8 o is 
accent inlet tube 84 and outlet tube 85 as shown in Pi " re 
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20. Upon actuation of the inhaler, inlet tube 84 and outlet 
tube 85 move downwards, penetrating the foil covering 82 at 
diagonally opposed corners. The jet of gas flows from a 
reservoir (not shown) charged with propellant, through inlet 
tube 84 into the depression 81 and flows in a helical fashion 
as shown in Figure 20 entraining powder 83 to form a 
dispersion. The dispersion flows out of outlet tube 85 and 
then impinges on an impact member (not shown) prior to leaving 
the inhaler via the mouthpiece (not shown) . After use the 
package 80 is removed from the inhaler. The inlet tubes 84 and 
85 may be of any shaped cross-section, for example, square 
cross-section, but are conveniently cylindrical. 

Figure 21a shows a side view of a package 86 also of 
cuboidal form. The package 86 has an internal chamber 87 
(shown in broken lines) of cylindrical form running along the 
length of the package 86 and containing a pre-metered dose of 
powder 88. The chamber 87 is closed apart from inlet orifice 
89 and exit orifice 90 and which are located approximately at 
opposite corners of the same side face of the package 86 and 
communicate with the chamber 87 via passages which open into 
the chamber in a tangential fashion. 

When it is desired to use the inhaler, the package 86 is 
fitted on to the inhaler (see Fig 21b) such that inlet tube 91 
{which is downstream of a reservoir of propellant which is not 
25 shown in Figure 21b) engages with inlet orifice 89 and outlet 
tube 92 (which communicates with a mouthpiece which is not 
shown in Figure 21b) engages with outlet orifice 90. Upon 
actuation of the inhaler, the jet of gas flows through inlet 
tube 91 and inlet orifice 89 into the chamber 87 and flows 
30 down the chamber in a helical fashion as shown in Figure 21b, 
thereby entraining the powder 88 to form a dispersion. The 
dispersion leaves the chamber 87 via outlet orifice 90 and 
outlet tube 92, and impinges upon an impact member {not shown) 
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and is then inhaled by the user via tha mouthpiece (not 

. for™ r 9 " 68 ^ 2 * 3h °" an ° ther PaCka ^ » <* 
or™ h a ™ 9 . cylindrioal oha ^ er ^ ^ 

271° it. depth. At ite lower end. 

the charter 94 is dosed by floor ss upon which rests a pr 
-tered dose of powder „. ^ „ all o£ ^ /~ 
previa wrth inlet orifice 97 which communicates via . 
angled passage 9 e with opening 99 in the upper £ace " 
Pa-age „. . charter 94 at its upper ena'als e o to 
a circular opening 101 in upper face 1Q „ of tie palge 

" Both of the openings 99 and 10! in the upper face 100 of 

rrr jo- aeaied * ~ — - — — - 

fitte",;: ?:t to use the inhaier ' the — » - 

respectively. The ends of the im^ „ 

Sharon * d ° Utlet tubes ar e 

sharpened for easier penetration of foil patch 102 - 

actuation of the inhaler, inlet tube 10 ^ 

tube 10 mov es downward 
piercing the foil patch 102 and enterina „ 
25 tube 104 entering passage 98. Outlet 

enter" T f °" ^ and 

entering the charter 94 along its axis. 

A jet of gas flows through the inlet tube 103 « • . 
the charter 94 via passage 9 a and inlet orifice llZ o£ 

; c ::itT the cha * er 94 in a ~- — - 

hel ea fashion with larger particles, for example, carrier 
Part lc les, 105 being forced by centrifugal effect o.^ the 
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periphery of the chamber 94 whilst small inhalable drug 
particles gather in the axial region of the chamber 94 and are 
swept out of the outlet tube 104 onto an impact member (not 
shown) and then toward the mouthpiece (not shown) . Thus , the 
5 larger particles are retained in the chamber 94 of the package 
93 and are discarded along with that package after use of the 
inhaler . 
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ose of POWte . lnhaler —» for .afcing a 

do e of a powaer ava tlabl e for dispersal, means £or J 

J« of gas which, i„ use , impinges upm or 

Powder there by for»ing . diBperslon of the powder in 

lmpa=t " e " ber downstrean, of the „eans for 

generating a 3 et of gas and a „outhpiece located downstream of 
the impact member. 

2- An inhaler as claimed in claim 1 wherein m-,* 
is such that, in use of tlw • h , arrangement 
durin. ^ dis P e ^°» ^ formed 

from th T ri0d ln WhiCh ^ ° f ^ ***** 

from the inhaler. 



.eans for generating a jet of gas ccprises a reservoir of 
liquid propellant and an exit valve. 
4. An inhaler as c laime d in claim 3, in whioh the 
s arranged to reiease vapour fro. the headspace above the 
liquid propellant . 

inhaler " Claimed ^ Clalm 3 ° r Claim 4 ' — »i» the 
liquid propellant comprises a hydrofluoroalkane 

the ^ r aler " Cl3imed ^ ^ ° f ClaimS 1 to * - which 
the total internal volume of the parts Qf ^ ^ 

which i n the dispersion fiQws ^ iegs ^ ^ 3 ou gh 

7- An inhaler as claimed in any of claims 1 to 6, in which 
m use, choked flow condition* ' 
j ^ conditions occur m the vicinity of, or 

downstream of, the zone where the w « 

the 36t of 9 as impinges on or 

fxows across the powder. 

3- An inhaler as claimed in claim 7 -in * • u . 
, n . _ ^ " cxaim 7, m which, in use the 

r f 9enerated ^ all °" in9 - to pass through an 

orifice under conditions of choked flow * ■ 

Pressure to a region of lo „ preH " °" * """" °* »* 
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9. An inhaler as claimed in any of claims 1 to 7, in which 
the shape, size and location of the impact member are such 
that it occupies a space through which at least 50% of the 
particles would otherwise pass. 
5 10. An inhaler as claimed in any of claims 1 to 9 which 

comprises, downstream of the means of generating a jet of gas 
and upstream of the impact member, a tube of reduced internal 
diameter through which, in use, the dispersion flows, the 
outlet of the tube being directly upstream of the impact 
10 member and arranged to direct the flow onto the impact member. 

11. An inhaler as claimed in any of claims 1 to 10, in which 
the inhaler comprises means for generating two or more jets of 
gas . 

12. An inhaler as claimed in any of claims 1 to 11, which 
15 also comprises an air inlet which communicates with the zone 

where the jet of gas impinges or flows across the powder and 
with the mouthpiece, the arrangement being such that, in use, 
both the dispersion of the powder in the gas and air from the 
atmosphere are combined and are inhaled simultaneously by the 
20 user. 

13. An inhaler as claimed in any one of claims 1 to 12 in 
which the dispensing means for making a dose of powder 
available for dispersal is arranged to make available pre- 
metered doses of powder. 

25 14. An inhaler as claimed in claim 13 in which the dispensing 
means comprises an inlet tube and an outlet tube, the 
arrangement being such that, in use of the inhaler, the jet of 
gas flows through the inlet tube into a package containing a 
pre-metered dose of powder and the dispersion flows out of the 

30 package through the outlet tube. 

15 . An inhaler as claimed in claim 14 in which one or both of 
the inlet and outlet tubes are arranged, in use, to cooperate 
with preformed orifices in the package. 
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16. An inhaler as claimed i„ olaim 14 or claim „ ^ ^ 
one or both of the inlet and outlet tubes are arranged to be 
movable so as to penetrate, in use. a penetrable waU of the 
package . 

; 17. An inhaler as clawed in any one of claims 1 to 13, which 
comprises a reservoir for holding the powder and in whioh the 
dispensing means comprises metering means for metering 
individual doses of powder from the reservoir. 

18. An inhaler as claimed in any one of claims 1 to 17 i„ 
whxch the dispensing means comprises a feed device for ' 
incremental feeding of the powder, in use, into the jet of 
gas . J UI 

19. An inhaler as claimed in claim 18, wherein the feed 
device comprises a linear or circular strip for holding the 
powder and whioh, in use. moves through the Jet of gas 

20 an inhaler as daimed in claim 1 S in which the strip is 
textured to hold powder. 

21. An inhaler as claimed in claim IB, in which the powder is 
held a h lder and fche ^ ^ a 

m use, pushes the powder from the holder. 

22. An inhaler as claimed in any of claims 1 to 20 which 
comprises means for imparting a helical flow to the 
dispersion. 

23. An inhaler as claimed in any of claims l to 20, which 
comprises a chamber containing a plurality of relatively lar ge 
Paroles, the chamber having an inlet for the Jet of gas T 
,nlet for the powder and an outlet, the inlets and the Z£ 

•xtian the chamber and the arrangement being such that i„ 
use, the gas agitates the relatively large particles. ' 
2*. An inhaler as claimed in any of claims x to 23. which 
comprises a chamber located downstream of the 2 one in „ hich 
the : et of gas impinges upon or flows across the powder the 
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chancer containing a plurality of relatively large particles 
and having an inlet through which, in use, the dispersion 
enters the chamber and an outlet through which, in use, the 
dispersion leaves the chamber, the inlet and outlet having 
mesh means to retain the relatively large particles within the 
chamber and the arrangement being such that, in use, the gas 
agitates the relatively large particles. 

25. An inhaler as claimed in any of claims 1 to 24, which 
comprises, downstream of the zone in which the jet of gas 
impinges upon or flows across the powder, means for subjecting 
the dispersion, in use, to converging currents of gas. 

26. An inhaler as claimed in any one of claims 1 to 25, which 
includes restriction means for restricting the flow rate 
through the mouthpiece to not more than 80 litres/min. 

15 27. An inhaler as claimed in any of claims 1 to 26, which is 
actuated upon inhalation through the mouthpiece. 

28. An inhaler as claimed in claim 27, in which the 
arrangement is such that upon inhalation through the 
mouthpiece the jet of gas is generated and continues to be 
generated for between 0.1 and 5 seconds. 

29. An inhaler as claimed in any of claims 1 to 28, in which 
the mouthpiece is adapted to extend, in use, past the teeth of 
the user and over at least a portion of the user's tongue. 

30. An inhaler as claimed in claim 29, in which the 
mouthpiece comprises external stop members which, in use, abut 
the lips or the teeth of the user. 

31. A powder inhaler comprising dispensing means for 
dispensing a dose of a powder, a dispersal device comprising 
means for generating a jet of gas which, in use, impinges upon 
or flows across the powder thereby forming a dispersion of the 
powder in the gas and a mouthpiece located downstream of and 
communicating with the dispersal device, the arrangement being 
such that, in use of the inhaler, the dispersion is formed 
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during the period over which "the user of the inhaler inhales 
from the inhaler. 

32 . An inhaler substantially as described herein with 
reference to Pigures i to 5. «..„, 7 to 10 a, lob. 1U -d, 



and 22b 
33 



25 



30 



A package for use with an inhaler as clawed in any of 
claims „ to 16 which contains a pre _ metered dose Qf 
and has inlet and outlet orifices. 

34. A package for use in an inhaler as claimed in any of 
claims 13 to 16 which contains a pre-metered dose of powder 
and has at least one penetrable wall. 

35. A package for use in an inhaler as claimed in any of 
claims 13 to i 6 which contains a pre-metered dose of powder 
and comprises means for imparting, in use , a helical ^ 
the dispersion. 

36. A method of generating a dispersion in a powder inhaler 
comprising the steps of r 

1) making a dose of powder available for dispersal- 

« generating a jet of gas under positive pressure 'which 

i-Pmges upon or flows across a powder thereby forming a 

dispersion of the powder in the gas,- and 

greeting the flow of the dispersion onto an impact 

37. A method as claimed in claim 36 , „ herein the dlspersion 
inhales from the inhaler. 

38. A method as claimed in claim 36 or clairr 37 i u- u 

i Ph nf , £ cxaim 37, m which the 

J« of gas is generated by allowing gas at a pressure above 
atmospheric to flow through an orifice to a region or 
atmospheric pressure. 
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39. A method as claimed in any of claims 3 6 to 38 in which 
the jet of gas comprises the vapour of one or more propellants 
known for use with pressurised metered dose inhalers. 

40. A method as claimed in claim 36 or claim 37, in which the 
5 jet of gas is a jet of air. 

41. A method as claimed in any of claims 36 to 37, in which 
the jet of gas and/or the dispersion experiences choked flow 
conditions . 

42. A method as claimed in any of claims 36 to 41, which also 
10 comprises the step of combining the dispersion with air drawn 

into the inhaler by the user. 

43 . A method as claimed in any of claims 36 to 42 in which 
inhalation through the inhaler actuates the generation of the 
jet of gas. 

15 44 . A method for generating a dispersion in a powder inhaler 
substantially as described herein with reference to any of 
Figures 1 to 5, 6a-c, 7 to 9, 10a, 10b, lla-d, 12a, 12b, 13a, 
13b, 14a, 14b, 15a, 15b, 16-20, 21a, 21b, 22a and 22b. 
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